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Figure 1 : Perspective view of the micropiilse gun for a hollow beam in the TM020 mode. 
The inner conductor is not shown. 
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.Figure 2: Sch,eaa&tic of rf gun operating In TMojo mode. 


S O 6 5117 ut^ 








v/S 

{>•1 


^IKVfl - 


•10 


Ki^*' caviiy 
(side view) 


\l 


received 

juL onoo4 

TECH CENTER 2800 





:o’^ 


FigMTs 3 i Sckematic of micropuJae s’oa for solid beam (TMoio) mode. A coaxial leed is 
used for rf input (not shomi). 
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FigTira 4: Secoadaxy electroa emission yield carve for GaP and MgO 
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Figure 5 : Schematic drawing of model used in theoretical analysis. 
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Ja(A/ctTi^)=l 2.5 l’(GHz)'2 d(cm) 
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Fi^ire 6: St«aay-sti.i:e cuirent density and bunch length vs. rf field, all parameters are 
normalized. 
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Resonant 8c Kilpatrick Electric Field vs Frequency 
Resonant Electric is giv^n; at. different gap spacings 
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Figure 7: Plot of resonant electric fields for an = 0.453 and v^loua gap spadngs. Also 
shown is the critical Kilpatrick electric field as a function of rf frequoicy. 
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Fi^e 8: Series of time “snapshots" for a 1.3 GHz, d — 0.5 cm cavity usmg the two- 
dimensional PIC code with.secondary emission. Note the rapid particle build-up and 
bunching by phase selection. Electrons traverse the horizontal axis. On the vertical axis 


emission is limited to the region 0.25 to 0.32 cm. 










Fig'Jie 9: Plot of rjrrent density vs. time for simnlition witii rf frequency 1.3 GEz, 
voltage amplitude 4.3 kV, d = Q.S cm, and ocq =0.453. 
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Figure 10: Plot of curraat density vs. time for simulation with, n feequency 6.4 GHz, 
voltage amplitude 105 kV, d = O.S cm, and oto =^0.4S3. 
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Figuia 12; c^ent density va rf frequency for cavity with ao =0-453 aad 

gap lengths of ^ 0.5 an (solid line) and f|1 1-0 cm (dashed line) 
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Micro—Pulse Duration vs Frequenby 
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FigTira 13: Micro-pulse duration vs. frequency for oo =0.453. 
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1.3 GHz pulse widths normalized to rf half-cycle time 
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Figure 14: Micio-pulse width, (as a fraction of the half-cycle) vs. rf cycle number near 
the outnut grid. The full beam pulse width decreases with time, and reaches a mminum 
at the fourth ri cycle. After saturation there is a sHght increase in pulse-w:dth cue to 

space-charge effects. 
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Figure l^Plot of tHe current density Ln kA/cn^ [solid line] and]^e Longitudinal eiectnc 
field [dashed line] for the 6.4 GHz, 105 kV simulation. ^ 
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Comparison of theory and Simulation 

cavity gap=d= 0.5 cm, Jo(A/ cm2)=1 2.5 f(Gnz)^ d(cm) 



Figure 17: Resonant Tuning Curve Cboth. simulation and theory) showing the tolerance 
of the micropulse electron gun. 
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Comparison of Theory and Simulation 



Figure 18: Compajisoii of peak current density in kA/cm^ versus frequency for simulation 
and theory for a gap length of 0.5 cm and drive parameter ao = 0.453. 














Normalized Axial Electric Field E 


Electric Field vs Radius for an Ideal- and a Coaxially Fed Cavity 

TMai o mode at 1 .275 GHz, Cavity Gap=l cm, Coaxial Gap= 1 cm 



Figure 21: Electric field, from a coaxially fed cavity (TMoio mode) showing simulation 
values (open circles) and theoretical curve for an ideal closed cavity. 
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Figure 22: Axial electric field in cavity witli a one cm diameter, 40 amp/cm^, 25 ps long 
beam emitted into the cavity. The curve is inverted compared to the plot of Fig. 21. 
However, tbe dejjression at i? = 0 cm due to space charge is cleajly seen. Beam loading 
reduces the field by about 1/3. 

















Electric Field vs Radius for an Ideal and a Coaxially Fed Cavity 
7Wa2o mode at 1 .275 GHz, Cavity Gap=1 cm, Coaxial Gap= 1 cm 
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Figure 23: Electric field from a coaxially fed cavity (TMqjo mode) sliowmg simulation 
values (open cdrcies) and theoretical carve for an ideal closed cavity. 
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Figure 24; Axial electric field vs. radius from a coaxially fed cavity (TM 020 mode (sim- 
ulatiou) with iimer conductor at first zero of the ;mode. The first peak has clearly been 
eliminated. Frequency 1.275 GHz and one cm gap. 
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Norriralized Efhittance Sc Transmission vs No. of Grid Wires 
Radial Extent of Wires = 5 mm, DC voltage applied 
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Figure 26: Normalized emmitance and transmission versus number of grid wires with a 
dc voltage applied to the cavity. 
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Figure 27: Configuration space and phase space for a solid beam from the simulations. 
This shows the emittance growth up to the first grid, from the first grid, and from the 
second grid. 
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Normalized Erfiittance &c Transmission vs No. of Grid Wires 
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Figure 28: Normalized emmitance and transmission versus number of grid wires with, an 
ttc voltage applied to the cavity. Grid wire radius is 0.09615 mm. 
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Figure 29; Expausiou of micro-pulse from space charge during acceleration, neglecting 
energy spread. The acceleration field is 20 MV/m and the axial space charge electric 
field is 2.9 MV/m (corresponding to about 100 nC/cm^). The initial pulse width is 5 ps 
at an initial energy of 50 keV. 
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Figure 30: Schematic drawing of a set of electrode shapes for a high-power diode using 
the modified formulas to the usual Pierce shapes as discussed in the text. 
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Figure 31: Plot of electrode shapes for a aoa-space-chajge-limited 0.5 MeV diode. The 
modified shapes [solid lines] and the classical Pierce shapes [broken .lines] are shown for 
comparison. The value of the electric field Eq at the cathode is such that the quantity u 
= 2 
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Figure 33: Emission area for a solid beam vs. frequency for different energy spreads (top) 
l%-4% energy spread; (bottom) 10%-30% energy spread. 
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Figure 34: Beam current (solid beam) vs. frequency for different energy spreads and a 
gap of 0.5 cm. 
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Beam Current vs Frequency for Different Enercy Spreads 
Soiic Seam, TWqiq Moae. 00=0.-iSj, d = t .0 crn 
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Beam Currant vs Frequency for Different Energy Spreads 
Solid Seem, TMqiq Mode, 0^3=0.453, d=l .0 cm 
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Figure 35: Beam current (solid beam) vs. frequency for different energy spreads and a 
gap of 1.0. cm. 

































Pulse Charge vs Energy Spread 
Solid Beam, TMqiq Mode, ao=0.453 



Figure 36: Chaxge per pulse for a solid beam vs. energy spread 






















Figure 37: Emission area vs. frequency for different energy spreads. Hollow beam. 













Figure 38: Beam current vs. frequency for different energy spreads. Hollow beam, and 
d — 0.5 cm. 
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Psck RF Power in Coaxial Feed Line 
Solid Seom. o<j=0.+53. d=0.5 cm 



Peak RF Power in Coaxial Feed Line 
Solid Beam. cio=0.45j, d=0.5 cm 
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Figure 43: Peak rf power in coaxial feed line for a solid beam, d = 0.5 cm. 
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Rf Cavity 





RF cavity 
(side view) 
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